Introduction
Stibnite (Sb2S3), berthierite (FeSb2S4), and chalcostibite (CuSbS•) are important antimony-bearing minerals. Stibnite is the main ore mineral of antimony and occurs as an important accessory in many epigenetic ore deposits, especially in later stages of deposition or in peripheral facies of mineralization. Berthierite is a common accessory mineral in antimony deposits. Its occurrence, particularly in gold-antimony deposits, has received considerable scientific attention. Furthermore, stibnite, berthierite, and chalcostibite represent important reference phases for understanding phase equilibria in more complex systems, such as those containing tetrahedrite-tennantite solid solutions. Barton (1971) emphasized the uncertainties in the low-temperature (<573 K) phase equilibria in the system Fe-Sb-S, particularly for reactions involving berthierite and gudmundite (FeSbS), which he attributed to the difficulty in extrapolating high-temperature phase equilibria data to lower temperatures. Thus, the application of high-temperature (>573 K) phase equilibrium studies to the study of ore deposits has been hampered by the difficulty in accurately extrapolating the high-temperature data to lower, more geologically relevant temperatures. Likewise, the extrapolation of low-temperature (_<298 K) enthalpy and heat capacity data to higher, more geologically pertinent temperatures has been hindered by an incomplete understanding of the thermodynamic properties of these minerals. Heat capacities measured by differential scanning calorimetry provide a means of bridging the gap between the low-temperature calorimetric studies and the high-temperature phase equilibrium studies. This study presents new heat capacity data for synthetic stibnite, berthierite, and chalcostibite from 340 to 760 K, which are used to revise the thermodynamic properties of these minerals. The new thermodynamic values for these minerals are used to improve our understanding of phase relations in the system Fe-Sb-S.
Materials and Experimental Methods
Stibnite, berthierite, and chalcostibite were synthe- The samples were characterized by reflected light microscopy, powder X-ray diffraction, and electron microprobe analysis and were found to be stoichiometric and homogeneous within the analytic precision and >99 percent pure inasmuch as no impurity phases were detected. Cell parameters were determined using powder X-ray diffraction data from the synthetic material. Barium fluoride was used as an internal standard with stibnite; silicon (NBS-640) was used with berthierite and chalcostibite. The resuits of the electron microprobe and X-ray diffraction studies are presented in Table 1 .
Heat capacities were measured from 340 to 760 K with aPerkin-Elmer DSC-2 differential scanning calorimeter following the procedures described by Hemingway et al. (1981) . The calorimetric sample weights were 65.88, 58.72, and 58.76 mg for stibnite, chalcostibite, and berthierite, respectively. Samples were sealed in aluminum pans. Reweighing of the samples after the heat capacity measurements were completed indicated that desulfidation and/or oxidation were not a problem. Reaction between the samples and their aluminum pans also was not a problem; the examination of the pans after all measurements were made revealed clean, untarnished inner surfaces.
Results
The heat capacities (C•,) measured by the present study from 340 to 760 K for stibnite, berthierite, (Hofman, 1933) and chalcostibite are presented in Table 2 (Fig. 4) Fig. 3) .
This value can be used to calculate a A/G•7 3 for berthierite (-327.21 kJ. mole -i) using the free energy and activity-composition data for pyrrhotite of Toulmin and Barton (1964) . A AfG•9s value that produced the best fit to the zXfG •7• and zXfG los valo expression and S ues was calculated using the C p value from Table 4 . The resulting AfGø values were used to calculate the position of reaction 3 in terms of temperature and sulfur fugacity. A comparison of the calculated curve with the experimental data (Fig. 3) verifies the validity of the calculated AfG ø values.
The thermodynamic properties of berthierite are summarized in Table 4 .
Chalcostibite
The present study combined the AfG•7 3 value 
These reactions merge at 553 K (280ø(2), the thermal maximum for gudmundite ((21ark, 1966) . The position of reaction 7 at lower temperatures is difficult to assess because of the large uncertainty in the thermal dependence of the Gibbs free energy ofgudmundite.
The present study has provided insight into many of the uncertainties in the low-temperature (<673 K) phase equilibria in the system Fe-Sb-S as noted by Barton (1971) . However, numerous questions still remain. The large uncertainties in temperatures calculated for the invariant points that limit the stability of berthierite can be decreased by improvements in the thermodynamic data for associated phases or by direct, experimental determination of the invariant points. Unfortunately, such experimental efforts must contend with the formidable kinetic barriers imposed by these low temperatures. Uncertainties in the low-temperature phase relations involving gudmundite can most easily be diminished by obtaining heat capacity data for this mineral.
